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Occurrence of the Cladid Inadunate Crinoid 
Thalamocrinus in the Silurian (Wenlockian) 
of New York and Ontario 


Abstract 

Thalamocrinus cylindricus (Hall, 1852) comb. nov. and Thalamocrinus robustus sp. nov. 
are the first reported occurrences of this cladid inadunate crinoid genus from the Rochester 
Shale (Silurian: Wenlockian) of western New York and southwestern Ontario. Several 
specimens of these two Thalamocrinus species are especially well preserved and retain 
the arms, anal sac, and column. These features, together with the calyx morphology, 
justify the assignment of Thalamocrinus to the Thalamocrinidae, a family originally 
proposed by Miller and Gurley (1895) and subsequently overlooked by later reviewers. 
The family Thalamocrinidae is essentially equivalent to the Bactrocrinitidae (sensu McIntosh, 
1979). The priority of Thalamocrinus cylindricus (Hall, 1852) comb. nov. over Thala- 
mocrinus cylindricus Miller and Gurley, 1895, a distinct species from the Brownsport 
Formation (Ludlovian) of Tennessee, necessitates the establishment of a new species, 
Thalamocrinus strimplei, to replace the latter junior homonym. The other species assigned 
to Thalamocrinus are also briefly reviewed. 


Introduction 


The cladid inadunate crinoid genus Thalamocrinus Miller 
and Gurley, 1895, previously has been reported only from 
the Upper Silurian of Iowa, Tennessee, and Oklahoma. 
Although calyces of Thalamocrinus are not uncommon 
in the Beech River Member of the Brownsport Formation 
(= lower Brownsport Formation of Amsden, 1949) in 
Tennessee, specimens retaining articulated arms or anal 
sacs have never been reported; likewise, except for a short 
section of the proxistele illustrated by Springer (1926) in 
Thalamocrinus elongatus, the column has never been pre- 
viously described in this genus. Lack of information on 
the anal sac has led several authors (Moore and Laudon, 
1943; Moore, Lane, and Strimple, 1978) to mistakenly 
place Thalamocrinus in the family Sphaerocrinidae Jaekel, 
1895, based on the apparent assumption that the sac was 
either greatly reduced or totally absent. The occurrence of 
Thalamocrinus in western New York and southwestern 
Ontario not only extends the geographic range of the genus 
but also adds valuable data on the morphology and palaeo- 
autecology of this relatively scarce Silurian genus. 

The New York and Ontario specimens demonstrate that 
Thalamocrinus had a relatively short (90 mm or less), 
distally tapering column differentiated into two portions. 
The proximal portion, about a third of the column length, 
is stout, cylindrical, and composed of alternating thick, 


bulbous nodal and thinner internodal columnals. In con- 
trast, the distal two-thirds of the column is composed of 
pentameres, and was probably relatively flexible during 
life. The column becomes rather slender near its distal end 
and terminates with a small rhizoidal holdfast. This struc- 
ture consisted of several short, stout radicular cirri that 
probably attached to skeletal hard substrates such as 
bryozoans. 

Complete crowns of Thalamocrinus from southern On- 
tario demonstrate that this crinoid possessed slender non- 
pinnulate arms, about twice the length of the calyx, which 
branched isotomously two to three times. These arms are 
relatively unspecialized, resembling those of primitive cladid 
inadunates, and had a relatively low food-gathering surface 
area. 

A single Ontario specimen also illustrates the anal sac, 
which was relatively restricted near the anal X but flared 
immediately above this point, forming a slender and elon- 
gate structure composed of relatively smooth, nonplicate 
sac plates. As such, it differs from the anal sac found in 
the dendrocrinid inadunates, which is a more prominent, 
inflated structure composed of numerous plicate plates. 

In this paper we assign Thalamocrinus to the family 
Thalamocrinidae Miller and Gurley, 1895, which is ap- 
proximately equivalent to the Bactrocrinitidae Jaekel, 1918, 


reviewed by McIntosh (1979); the latter name is sup- 
pressed. Five other genera are also assigned to the Thala- 
mocrinidae on the basis of similarities in thecal plate 
morphology and radial facet structure. 

Thalamocrinus occurs primarily in fossiliferous to bio- 
stromal mudstone facies and in pack- and grainstone car- 
bonates. This distribution reflects a preference for mod- 
erate- to high-energy environments with abundant hard, 
skeletal substrates. This crinoid is commonly associated 
with relatively rich pelmatozoan faunas including, espe- 
cially, calceocrinids, pisocrinids, various flexible crinoids 
(Lecanocrinus, Icthyocrinus), and blastozoans such as Ste- 
phanocrinus and Caryocrinites. It is a relatively rare com- 
ponent of many biostromal occurrences rich in bryozoans 
and brachiopods. Typical co-occurring brachiopods (Whit- 
fieldella, Atrypa, Coolinia, Dalejina, Eospirifer) are 
suggestive of moderately shallow, offshore benthic assem- 
blages (BA3 to BA4). Thalamocrinus probably fed at a 
relatively low level above the seafloor, slightly above the 
level of bryozoan thickets and calceocrinids but below 
longer-stemmed pelmatozoans such as most camerates and 


flexible crinoids. As such it probably occupied approxi- 
mately the same “‘tier’’ (see Ausich and Bottjer, 1985) as 
several blastozoans and a few short-stemmed camerates 
such as Gazacrinus. 

Thalamocrinus is widespread in the Upper Silurian 
(Wenlockian to Early Ludlovian) of eastern North Amer- 
ica, occurring in the Rochester Shale, Irondequoit Lime- 
stone, and Gasport Limestone of New York, the Osgood 
and Waldron Shales of Indiana and Tennessee, the 
Brownsport Formation of Tennessee, and the Moccasin 
Springs Formation of Missouri. 

The following acronyms have been used to designate 
repositories throughout the text: AMNH—American Mu- 
seum of Natural History, New York, New York; FANH— 
Field Museum of Natural History, Chicago, Illinois; RomM— 
Royal Ontario Museum, Toronto, Ontario; Rx—Rowley 
Paleontology Collection, Department of Geology, Uni- 
versity of Illinois, Urbana, Illinois; UmMp—University 
of Michigan Museum of Paleontology, Ann Arbor, 
Michigan; and USNM—United States National Museum 
of Natural History, Washington, D.C. 


Systematic Palaeontology 


Class Crinoidea Miller, 1821 
Subclass Inadunata Moore and Laudon, 1943 
Order Cladida Moore and Laudon, 1943 
Suborder Dendrocrinina Bather, 1899 
Family Thalamocrinidae Miller and Gurley, 1895 
(= Family Bactrocrinitidae Jaekel, 1918) 


DIAGNOSIS 

Cup cylindrical, ranging from low urn-shaped to high con- 
ical; thecal plates thick to massive, generally smooth, 
rarely with subtle ridges; one or two anal plates in cup, 
anal X aligned with radial circlet, radianal quadrangular 
or absent; anal sac prominent, sac plates smooth to plicate; 
orals generally present, most commonly distinct; radial 
facets angustary to peneplenary, U-shaped, moderately de- 
veloped; arms most commonly isotomous, rarely hetero- 
tomous; column pentagonal, subpentagonal, round, often 
varying within individual specimens; cirri, when present, 
restricted to dististele. 


INCLUDED GENERA 

Thalamocrinus Miller and Gurley, 1895, Upper Silurian 
(Wenlockian-Ludlovian); Ancyrocrinus Hall, 1862, Lower 
Devonian (Siegenian?)—Middle Devonian (Givetian); Bac- 
trocrinites Schnur in Steininger, 1849, Upper Silurian 
(Wenlockian)—Middle Devonian (Givetian); //lemocrinus 
Eckert, 1987, Middle Ordovician (Caradocian); Lasiocri- 
nus Kirk, 1914, Lower Devonian (Gedinnian-Emsian); 
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Nuxocrinus McIntosh, 1983a, Lower Devonian (Emsian)— 
Middle Devonian (Givetian); and Pagecrinus Kirk, 1929, 
Middle Devonian (Givetian). 


REMARKS 

The family Thalamocrinidae was originally created by Miller 
and Gurley (1895) solely to accommodate the genus Thal- 
amocrinus. Subsequent reviews of the cladid inadunate 
crinoids by Jaekel (1918); Moore and Laudon (1943); Moore, 
Lane, and Strimple (1978); and McIntosh (1983b) com- 
pletely overlooked this proposed family. The above diag- 
nosis is more restricted than that given by Mclntosh 
(1979) for the family Bactrocrinitidae since it excludes 
many genera subsequently assigned to other families (see 
McIntosh, 1983b). 


Genus Thalamocrinus Miller and Gurley, 1895 


TYPE SPECIES 
Thalamocrinus ovatus Miller and Gurley, 1895 


DIAGNOSIS 

A genus of Thalamocrinidae characterized by a nearly 
spherical to barrel-shaped cup composed of massive thecal 
plates; two anal plates in cup, radianal quadrangular; ra- 
dials smaller than infrabasals or basals, radial circlet con- 
stricted, narrower than basal circlet; orals either much 
reduced or absent; anal sac long and narrow; sac plates 
generally smooth, only moderately plicate along edges; 
arms gracile, isotomous; column round in proxistele and 
mesistele, becoming pentameric in dististele. 


DESCRIPTION 

Cup barrel-shaped to nearly spherical, with greatest width 
at basal circlet level, composed of smooth, massive thecal 
plates. Infrabasal, basal, and radial circlets with five plates 
each. Radial circlet invariably constricted with radials smaller 
than infrabasals or basals. Two anal plates in cup: a quad- 
rangular radianal below and to left of C radial, and an 
approximately pentagonal anal X aligned with radial cir- 
clet. Tegmen poorly known; orals never observed, prob- 
ably absent. Anal sac long, narrow, made up of eight(?) 
staggered vertical rows of relatively smooth, thin sac plates. 
Radial facets peneplenary, shallow, planate to slightly de- 
clivate; transverse ridge absent, axial canal not incorpo- 
rated into radial facet. 

Arms divided into two symmetrical rami at primaxil; 
each ramus isotomous with two or three branches of un- 
equal length but equal brachial size. 

Column round, heteromorphic throughout proxistele and 
mesistele with alternating thick nodals and thin interno- 
dals; dististele isomorphic, divided into pentameres. Pri- 
mary holdfast composed of short, unbranched radicles. 


DISTRIBUTION 

Thalamocrinus is restricted to North America throughout 
its Upper Silurian (Wenlockian-Ludlovian) range. The old- 
est reported stratigraphic occurrences of the genus are 
Thalamocrinus cylindricus (Hall, 1852) comb. nov. and 
Thalamocrinus robustus sp. nov. from the Irondequoit 
Limestone and Rochester Shale (Lewiston Member) of 
western New York and southwestern Ontario. An unde- 
scribed species of approximately equivalent age (Early 
Wenlockian) has been reported by Thomas (1915) and 
Witzke (1976) from the upper Hopkinton Dolomite (Gon- 
iophyllum beds) of eastern lowa. A specimen, referred to 
as T. cylindricus by Slocum (1907), from the slightly younger 
Racine Dolomite of northern Illinois (Wenlockian-Lud- 
lovian) is probably a new species more closely related to 
T. ovatus Miller and Gurley, 1895, or to another unde- 
scribed species that occurs in the Waldron Shale of north- 
ern Tennessee (PI. 2, fig. 8) and southern Indiana. Thal- 
amocrinus is relatively common in the Beech River Member 


of the Brownsport Formation (Ludlovian) of southwestern 
Tennessee. Three species of Thalamocrinus, all recently 
reviewed by Strimple (1975), have been reported from the 
latter locality. Thalamocrinus ovalis (Rowley, 1904) oc- 
curs in the equivalent Bainbridge Group, Moccasin Springs 
Formation of eastern Missouri. Strimple (1963, 1981) re- 
ported several specimens of 7. elongatus from the Henry- 
house Formation (Ludlovian) of Oklahoma and suggested 
that the holotype of this species, originally described by 
Springer (1926), was probably found in the Decatur Lime- 
stone, an equivalent unit in Tennessee. 


DISCUSSION 

Thalamocrinus has previously been placed in the family 
Sphaerocrinidae Jaekel, 1895 (= Palaeocrinidae Bather, 
1899). Genera of this family are characterized by low, 
rigid tegmens and the absence of an anal sac (Moore and 
Laudon, 1943; Moore, Lane, and Strimple, 1978). Thal- 
amocrinus possesses an anal sac, and accordingly, the 
genus is herein placed in the family Thalamocrinidae Miller 
and Gurley, 1895. Thalamocrinus is very similar to Bac- 
trocrinites in that both genera possess isotomous and gen- 
erally gracile arms, relatively small radials, thick thecal 
plates, a quadrangular radianal, a fragile anal sac, and an 
anal X that is aligned with the radial circlet (McIntosh, 
1979, 1983b). Differences between these two genera are 
relatively minor, with calyx shape being the most diag- 
nostic character. Bactrocrinites is medium conical to high 
conical, with the widest portion of the cup occurring at 
the radial circlet level; however, Thalamocrinus is most 
commonly low urn-shaped, and invariably its cup is broad- 
est at the level of the basal circlet. This difference is, in 
part, related to the degree of radial facet development. The 
radial facets of mature specimens of Bactrocrinites tend 
to be declivate and U-shaped, and to possess a distinct 
ventral groove and weakly developed transverse ridge. The 
radial facets in Thalamocrinus, on the other hand, are 
planate to slightly declivate and are much less developed 
(e.g., lack a transverse ridge and accompanying dorsal/ 
ventral ligament fossae) than the facets found in Bactro- 
crinites. However, in some species of Bactrocrinites, such 
as the type species B. fusiformis, immature specimens 
possess radial facets very similar to those observed in 
Thalamocrinus. 

There also appears to be a difference in tegminal struc- 
ture between the two genera: orals and other tegminal 
plates are prominent in Bactrocrinites, while they have 
never been observed in any species of Thalamocrinus. This 
may reflect a taphonomic bias because of the high-energy 
environments in which Thalamocrinus specimens are com- 
monly found; however, a more plausible explanation is 
simply that orals were either much reduced or absent in 
Thalamocrinus. 


Thalamocrinus cylindricus (Hall, 1852) comb. nov. 
(Pl. 1, figs. 4,10,12—16; Pl. 2, figs. 1,2; Table 1) 


Homocrinus cylindricus Hall, 1852:186, pl. 41, figs. 
2a—e,3a—C. 
Botrvocrinus? cylindricus Goldring, 1948:27, pl. 1, fig. 5. 


DIAGNOSIS 

A species of Thalamocrinus with a medium-sized, low, 
barrel-shaped cup composed of smooth thecal plates; infra- 
basals (H/W = 0.9-1.0) and basals (H/W = 1.0-1.1) 
approximately equidimensional, and radials low and broad 
(H/W = 0.7—0.8); and a column confluent with infrabasal 
circlet. 


DESCRIPTION 
Cup low, barrel-shaped, height approximately equal to, 
or slightly greater than, greatest width at basal circlet level 
(H/W = 1.0-1.1), width at radial circlet only slightly 
greater than at level of infrabasals. Thecal plates smooth, 
massive; sutures between plates not depressed. 

Five infrabasals in circlet, each pentagonal, approxi- 
mately as wide as high (H/W = 0.9-1.0), flaring straight 


up from proximal columnal. Basals five, approximately 
equidimensional (H/W = 1.0-1.1). Radials five, wider 
than high (H/W = 0.7—0.8). Radial facets angustary to 
peneplenary, planate, slightly concave surfaces lacking 
any trace of ventral groove or transverse ridge (PI. 1, fig. 
13). Two anal plates in cup: radianal quadrangular, almost 
as high as wide (H/W = 0.9), below and to left of C 
radial; anal X approximately pentagonal, slightly wider 
than high (H/W = 0.8), aligned with radial circlet. 

Cicatrix round, occupying entire proximal portion of 
infrabasal circlet, and containing large, subpentagonal lu- 
men (PI. 1, fig. 12). Column, complete in ROM 42133: 
proxistele and mesistele heteromorphic with alternating 
nodals and internodals, noditaxis formula 1-2-1, nodals 
especially pronounced with bulbous epifacets; dististele 
isomorphic, with staggered rows of pentameres; column 
commonly possessing sharp bend in distal portion of prox- 
istele because of cuneiform columnals. Terminal holdfast 
composed of short, unbranched, segmented radicles (PI. 
Dall gea2)): 


REMARKS 
Goldring (1948) assigned Thalamocrinus cylindricus (Hall) 
to the genus Botryocrinus. The latter genus, which has 


TABLE |. Measurements (in mm) of cup plates in Thalamocrinus cylindricus (Hall, 1852) comb. nov. 


Ray width 
A B Cc D 
ROM 44349 4.1 4.0 4.2 4.0 


Interray width 


AB BC CD DE 
ROM 44349 4.3 4.3 4.6 4.1 
Ray width 
A B (Cc D 
ROM 44349 3°53 Shoe? — 32 
Anal plates 
Width Height 
RA xX RA 
ROM 44349 DD DD 2.0 
Width at 
cicatrix 
ROM 44349 4.5 


Width at 


Infrabasals 

Ray height 
E A B G D E 
4.0 Sy5) 3.9 3.9 35 1/ Sai 

Basals 
Interray height 
EA AB BC CD DE EA 
4.2 AT 4.7 4.4 4.7 4.7 
Radials 

Ray height 
E A B € D E 
BP) 2.4 2.4 — 23 2) 

Radial facets 

Width 
A B c D E 
1.8 ES ils) — ICS) 1k6 
Complete specimen 
Width at Height 
basals radials 
8.0 4.6 8.5 


recently been reviewed by McIntosh (1984), is character- 
ized by a recumbent anal sac; heterotomous arms bearing 
robust, branching ramules; a low, conical to bowl-shaped 
cup; and a pentagonal stem that is pentameric throughout 
its length. None of these features are found in Thalamo- 
crinus cylindricus. A result of assigning this species to 
Thalamocrinus is that Miller and Gurley’s 7. cylindricus 
becomes a junior homonym. A new species name (T. 
strimplei) has been chosen for this latter form. 


TYPE 

The holotype specimen (AMNH 1706) is in the palaeon- 
tology collection of the American Museum of Natural 
History. 


OCCURRENCE 
Silurian (Wenlockian), Clinton Group: Irondequoit Lime- 
stone, locality 6; Rochester Shale (Lewiston Member), 
localities 1—S. 


Thalamocrinus robustus sp. nov. 
(Pl. 1, figs. 1-3,5—9,11; Text-fig. 1; Table 2) 


Botryocrinus? cylindricus Goldring, 1948:25—33, pl. 1, 
figs. 1-4. 


DERIVATION OF NAME 
Latin robustus, meaning robust or strongly constructed. 


DIAGNOSIS 

A species of Thalamocrinus with a medium-sized, low, 
barrel-shaped cup composed of smooth thecal plates sep- 
arated by depressed sutures; infrabasals bulbous, approxi- 
mately equidimensional (H/W = 0.9-1.0), basals mod- 
erately swollen, height slightly greater than, or equal to, 
width (H/W = 1.0-1.2), and radials low and broad 
(H/W = 0.7—0.8); a subpentagonal cicatrix; and a column 
not confluent with infrabasal circlet. 


DESCRIPTION 
Cup approximately equidimensional (H/W at radials = 
1.0—1.2), urn-shaped, composed of massive, smooth the- 
cal plates; greatest breadth at middle of basal circlet level. 
Centres of infrabasals and basals strongly convex with 
sutures between adjacent thecal plates moderately depressed. 
Infrabasals five, pentagonal, approximately as high as 
wide (H/W = 0.9-1.0). Basals five, largest plates in cup, 
generally slightly higher than wide (H/W = 1.0-1.2). 
Radials five, approximately pentagonal, wider at base than 
across top, relatively broad and low (H/W = 0.7-0.8), 
smallest plates in any circlet. Centres of radials low, not 
convex as in infrabasals and basals. Radial facets fairly 
broad, peneplenary, occupying up to four-fifths of radial 


aearat 
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TEXT-FiG. 1. Plate diagram of Thalamocrinus robustus sp. 
nov. 


plate adoral surface, slightly declivate to planate, shallow, 
and lacking any trace of transverse ridge or ligament fossae. 

Two anal plates in cup: radianal quadrangular, approx- 
imately as wide as high (H/W = 0.9-1.0), below and to 
left of C radial; anal X pentagonal, slightly lower than 
wide (H/W = 0.8-—0.9), smaller than but aligned with 
adjacent radials. Median sac plate large, approximately 
same size as first primibrachials in adjacent rays, lying 
directly over and occupying essentially entire top surface 
of anal X. Anal sac constricted up to 2.0 mm above median 
sac plate, above which point expanding gradually; com- 
posed of eight? (only five visible: two lateral and three 
posterior median) staggered rows of relatively smooth, 
thin, partially plicate sac plates. A low median ridge on 
posterior side of sac, extending up central row of posterior 
median sac plates; adjacent rows of left and right posterior 
median sac plates depressed; right and left lateral sac plate 
rows elevated, forming ridges parallel to median ridge. 
Central portions of median sac plates flat, depressed at 
sutures, possibly plicate between lateral and median ridges. 
Anal sac extending at least as high as tertaxil, undoubtedly 
longer but obscured by matrix (PI. 1, fig. 11). 

Arms isotomous, branching three or four times. Three 
and four primibrachials observed respectively in C and 
D rays, each primibrachial slightly wider than high; five 
secundibrachials in observed rays, width approximately equal 
to height; tertibrachials higher than wide with secundiaxils 
giving rise to two branches of unequal length but of equal 
brachial size. 

Proximalmost column subpentagonal, restricted to cen- 
tral portion of infrabasal circlet, not confluent with aboral 
portion of infrabasals. Column xenomorphic: proxistele 
robust, heteromorphic with alternating internodals and pro- 
nounced, bulbous nodals; mesistele tapering quickly, het- 
eromorphic; dististele and original terminal holdfast not 
observed. 


REMARKS 
Thalamocrinus robustus can easily be distinguished from 
all other species of Thalamocrinus by its bulbous plates, 
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TABLE 2. Measurements (in mm) of cup plates in Thalamocrinus robustus sp. nov. 
Infrabasals 
Ray width Ray height 
A B (e D E A B GC 
ROM 44346 BED Si 3.8 3.8 Bid 3r1 3.3 3.5 
ROM 44347 3:3 3.4 3.4 3.4 3.4 3.0 3.1 3.1 
ROM 44348 BI] ell 229 2.6 Dod 2.6 2.6 ral 
Basals 
Interray width Interray height 
AB BC CD DE EA AB BC CD 
ROM 44346 2 4.8 4.3 4.4 4.3 4.7 4.7 4.8 
ROM 44347 355 3.6 339 3.4 355 3.8 3.8 3.8 
ROM 44348 D9) 229 2-9 2.8 2.8 Bee 3.2 352 
Radials 
Ray width Ray height 
A B c D E A B G 
ROM 44346 307 3.4 By 3.4 3.8 2.6 25 Ie) 
ROM 44347 2.6 2.6 2.3 Des 2.6 1.8 1.8 LS 
ROM 44348 2.4 2.4 2.0 2.4 2D, 1.7 hee lee 
Anal plates Radial facets 
Width Height Width 
RA X RA X A B Cc 
ROM 44346 22 25 yD? PID? 1.8 1.8 Lee) 
ROM 44347 ee) 1.8 1.8 ed 1.4 ES) 3 
ROM 44348 NES N57 1.4 [3 eZ eZ NP 
Complete specimen 
Width at Width at Width at Height 
cicatrix basals radials 
ROM 44346 3.6 8.6* Orie 8.1 
ROM 44347 B\o2 6.3 4.8 6.7 
ROM 44348 31 a5 4.3 6.5 


*Crushed specimen 


depressed sutures, and subpentagonal first columnal. 7. 
robustus and T. cylindricus co-occur in the lower 9 m of 
the Lewiston Member of the Rochester Shale from Grimsby, 
Ontario, to Lewiston, New York. To date, no clear geo- 
graphic or stratigraphic separation of these two species has 
been detected. Originally, the authors considered placing 
both forms into a single, variable species. However, two 
distinct morphotypes are clearly present, and specimens 
can easily be assigned to either one or the other. 


TYPE 

The holotype (ROM 44347) and paratype (ROM 44345, 
44346, 44348) specimens are in the palaeontology collec- 
tion of the Royal Ontario Museum. 


OCCURRENCE 
Silurian (Wenlockian), Clinton Group: Rochester Shale, 
Lewiston Member (lower I—9 m), localities 1, 2, and 7. 


Thalamocrinus strimplei comb. nov. 
(BE Asie 7) 


Thalamocrinus cylindricus Miller and Gurley, 1895:82, 
pies higst3 2/33). 


DERIVATION OF NAME 
This species is named for the late Harrell L. Strimple 
(1912-1983) in recognition of his contribution to the study 
of Palaeozoic crinoids. 


DIAGNOSIS 

A species of Thalamocrinus with a relatively small, elon- 
gate, amphora-shaped cup; infrabasals (H/W = 1|.6—2.4) 
and basals (H/W = 1.6—2.4) smooth, high, and narrow; 
radials low and broad to approximately equidimensional 
(H/W = 0.7-1.0). 


REMARKS 

This species is proposed to receive specimens formerly 
assigned to the junior homonym Thalamocrinus cylindri- 
cus Miller and Gurley, 1895. Large individuals of T. strim- 
plei are approximately equal in height to but only half the 
width (measured at the basal circlet) of specimens of 7. 
robustus sp. nov. and T. cylindricus (Hall, 1852) comb. 
nov. from western New York and Ontario. 


TYPE 
The holotype (USNM $2323A) is in the palaeontology col- 
lection of the United States National Museum. 


OCCURRENCE 
Silurian (Ludlovian), Brownsport Formation, Beech River 
Member, Decatur County, Tennessee. 


Thalamocrinus ovatus Miller and Gurley, 1895 
(Pl. 2, figs. 3-6) 


Thalamocrinus ovatus Miller and Gurley, 1895:82, pl. 5, 
figs. 29-31. 


DIAGNOSIS 

A species of Thalamocrinus with a small, low, barrel- 
shaped cup composed of smooth thecal plates; infrabasals 
(H/W = 1.1—1.4) and basals (H/W = 1.3-—1.8) higher 
than wide, and radials low and broad (H/W = 0.7-0.8). 


REMARKS 

The vast majority of Thalamocrinus specimens collected 
from the Brownsport Formation by Springer (1926), by 
Strimple (1975), and by the authors of this study belong 
to this species. The plate proportions of the infrabasals 
and basals in 7. ovatus are somewhat variable, and abnor- 
mal specimens are not uncommon: Springer (1926) illus- 
trated an individual in which a sac plate contacted the 
radianal; Strimple (1975) reported a specimen that lacked 
a radianal; of the nine specimens collected by the authors 
of this study, two possessed supernumerary plates in the 
basal circlet (PI. 2, fig. 4), and one had exceptionally small 
radials (Pl. 2, fig. 6). In spite of the variability observed 
in T. ovatus, the lower height/width ratios of the infra- 
basals and basals clearly distinguish it from 7. strimplei 
with which it co-occurs. 


TYPE 
The holotype (USNM S2326A) is in the palaeontology col- 
lection of the United States National Museum. 


OCCURRENCE 
Silurian (Ludlovian), Beech River Member, Brownsport 
Formation, Decatur County, Tennessee. 


Thalamocrinus globosus Springer, 1926 


Thalamocrinus globosus Springer, 1926:132, pl. 26, fig. 
10a,b. 


DIAGNOSIS 

A species of Thalamocrinus with a small, nearly spherical- 
shaped cup composed of smooth thecal plates; infrabasals 
(H/W = 0.9-1.0) and basals (H/W = 1.1—1.2) approx- 
imately equidimensional, and radials low and_ broad 
(H/W = 0.7-0.8). 


REMARKS 
This species is based on a single specimen from the Sil- 
urian of Tennessee where it co-occurs with 7. strimplei 


and T. ovatus. 


TYPE 
The holotype (USNM $2325) is in the palaeontology col- 
lection of the United States National Museum. 


OCCURRENCE 
Silurian (Ludlovian), Beech River Member, Brownsport 
Formation, Decatur County, Tennessee. 


Thalamocrinus ovalis (Rowley, 1904) 
(FIRS figse 9aL0) 


Cyathocrinus? ovalis Rowley, 1904:271, pl. 16, figs. 
13-16. 

Thalamocrinus ovatus Mcintosh, 1983b:307. 

Thalamocrinus ovalis Ausich, 1987:574, figs. 2-21. 


DIAGNOSIS 

A species of Thalamocrinus with a small, low, barrel- 
shaped cup composed of smooth thecal plates; infrabasals 
higher than wide (H/W = 1.1-—1.3), basals strongly in- 
flated and convex (H/W = 1|.3—1.5), and radials low and 
broad (Hy/W = 7058): 


REMARKS 

The largest specimen of this species observed by the au- 
thors of this study measured 6.3 mm in height; this is well 
within the size range of Thalamocrinus ovatus (4.0—7.7 
mm) specimens collected by the authors. The most sig- 
nificant difference between these two species 1s that small 
specimens of 7. ovatus possess basals that are more strongly 
convex than those found in specimens of 7. ovalis. McIntosh 
(1983b) synonymized T. ovalis with T. ovatus for a variety 
of reasons: Thalamocrinus ovatus 1s a highly variable spe- 
cies and the thecal plate proportions of the 7. ovalis spec- 
imens from the Field Museum of Natural History fall well 
within the ranges observed in the former species; the strongly 
convex, inflated basals that characterize T. ovalis are also 
present in immature 7. ovatus specimens from Tennessee, 
and the degree of convexity decreases in mature specimens 
of both species (Pl. 2, figs. 3,10); and the two species 
occur in equivalent-age units separated by only 325 km. 
Ausich (1987) has recently proposed, based on Rowley’s 
original type specimens, that 7. ovalis is a valid species. 
Only a detailed study that includes a larger number of 
Missouri specimens can determine whether these two forms 
are conspecific or whether they represent two distinct species. 


TYPE 

The holotype (Rx 171A) and two paratype (Rx 171B, Rx 
171C) specimens are in the Rowley Paleontology Collec- 
tion, Department of Geology, University of Illinois. Two 
topotype specimens were found in the palaeontology col- 
lection of the Field Museum of Natural History. 


OCCURRENCE 

Silurian (Ludlovian), Bainbridge Group, Moccasin Springs 
Formation, 9.7 km west of St Mary’s, Ste Genevieve 
County, Missouri. 


Thalamocrinus elongatus Springer, 1926 


Thalamocrinus elongatus Springer, 1926:132, pl. 26, fig. 
ie 

Thalamocrinus elongatus Strimple, 1963:66, 67, pl. 3, 
figs 5: 

Thalamocrinus cf. elongatus Strimple, 1981:116-119. 


DIAGNOSIS 

A species of Thalamocrinus with a large, elongate cup, 
widest at top of basal circlet, composed of smooth thecal 
plates; infrabasals (H/W = 1.5) and basals (H/W = 2.1) 
high and narrow, and radials relatively low and broad 
(H/W = 0.7); proximal portion of column confluent with 
infrabasals. 


REMARKS 
The holotype of this species is an incomplete cup that 
lacks the entire radial circlet but retains the proximal col- 
umn. Springer (1926) reported that this specimen was col- 
lected from the *‘Linden formation, Helderbergian, Lower 
Devonian; Benton County, Tennessee.’’ The **Linden for- 
mation’’ of Springer is currently recognized to contain both 
Lower Devonian and Upper Silurian rocks. Subsequent 
discoveries of this species in the Henryhouse Formation 
(Ludlovian) of Oklahoma by Strimple (1963, 1981) give 
weight to the supposition that 7. elongatus was collected 
from the lower half of the “‘Linden formation’’ in what is 
now designated the Decatur Formation (Ludlovian). 
Thalamocrinus elongatus is the largest species of this 
genus described to date. The calyx illustrated by Strimple 
(1981), which is the only individual of this species to retain 
any portion of the radial circlet, measures 20.0 mm high. 
The large proximal portion of the column that is confluent 
with the infrabasal circlet, and the occurrence of greatest 
cup breadth at the top of the basal circlet, support the 
assignment of this species to Thalamocrinus ; however, the 
overall thecal plate proportions and plate arrangement are 
essentially those found in Bactrocrinites (see McIntosh, 
1979): 


TYPE 
The holotype (USNM $2324) is in the palaeontology col- 
lection of the United States National Museum. 


OCCURRENCE 

Silurian (Ludlovian): Decatur Limestone(?), Benton County, 
Tennessee; Henryhouse Formation, Pontotoc County, 
Oklahoma. 


Palaeoecology 


The mode of attachment in Thalamocrinus and its orien- 
tation above the substrate have been conjectured in the 
past owing to the absence of complete specimens. Strimple 
(1975) postulated that certain species belonging to this 
genus were free-living, with the calyx resting directly on 
the substrate in a manner similar to that demonstrated for 
the Mississippian cladid inadunate crinoid genus Agassi- 
zocrinus (Ettensohn, 1975). Strimple’s assessment was based 
on the thickened nature of the infrabasals together with 
the relatively small stem cicatrix found in Thalamocrinus 
ovatus and T. strimplei. Massive infrabasals, however, are 
characteristic of several other thalamocrinid genera (e.g., 
Bactrocrinites—see McIntosh, 1979, pl. 2, fig. 12; and 
Nuxocrinus—see McIntosh, 1983a, fig. 3Q), and the pres- 
ence of a small stem cicatrix does not necessarily reflect 
the nature of the complete column. 

The calyces of T. cylindricus and T. robustus, as evi- 
denced by the orientation and morphology of the column, 
did not rest directly on the substrate, and it is doubtful 
that any species assigned to this genus was oriented in 
such a manner. Three specimens of 7. cylindricus possess 
nearly complete columns that taper regularly towards the 
distal end; two are missing the distalmost section of the 
column and the holdfast (Pl. 1, figs. 14,16), and one spec- 
imen preserves the entire column structure, including the 
terminal holdfast, which is composed of short, unbranched 
radicles (Pl. 2, figs. 1,2). The column in Thalamocrinus 
cylindricus is strongly xenomorphic; the proximal two- 
thirds of the column is heteromorphic, composed of large 
nodals that have massive, rounded epifacets and that al- 
ternate with lower, narrower internodals. This two-thirds 
portion of the column appears to have had limited flexi- 
bility. The presence of ‘‘built-in’’ kinks in the proxistele, 
representing the curvature produced by cuneiform col- 
umnals (Pl. 1, fig. 14; Pl. 2, fig. 1), points to possible 
recumbency of the distal portion of the column in some 
individuals as postulated for various camerate crinoids 
(Breimer, 1969; Brett, 1978, 1981). 

The dististele, which consists of low, pentameric col- 
umnals, is strongly differentiated from the rest of the stem. 
In contrast to the bulky proxistele, the pentameric terminus 
of the column was probably rather flexible, allowing some 
degree of adjustment in orientation. It is unlikely, how- 
ever, that Thalamocrinus was highly mobile because the 
radial facets and arms were evidently poorly adapted for 
swimming or even directing motion. Furthermore, because 
Thalamocrinus occurs mainly in sediments deposited in 
moderate- to high-energy conditions (e.g., Irondequoit 
Limestone, Decatur Limestone, and the bryozoan thickets 
of the Lewiston Member of the Rochester Shale), it is 
most unlikely that the tapered stems were merely stuck 
vertically into loose sediment. Rather, Thalamocrinus 


probably either retained its terminal holdfast or, in the 
event that this structure was lost (e.g., during a storm 
event), species assigned to this genus may have been able 
to reattach secondarily by coiling the relatively flexible, 
pentameric distal column around bryozoans or other benthic 
organisms, as has been postulated for the tapering distal 
columns in Ejfelocrinus (Haarman, 1921). Juveniles of 
Thalamocrinus probably perched themselves on bryozoans 
above the substrate during early settling. Alternatively, 
adults used the dististele, mesistele, and distal proxistele 
as a runner on the substrate to provide themselves with 
maximum stability; only the upper stout proxistele was 
used to elevate the crown above the substrate. Many pri- 
mitive inadunate crinoids possess strongly xenomorphic 
columns, resembling those of Thalamocrinus, with flexi- 
ble, pentameric dististeles immediately above their pri- 
mary holdfasts and strongly differentiated, stout, cylindrical 
proxisteles (see for example 7ryssocrinus and Colubicri- 
nus figured by Guensburg, 1984, pls. 7, 8). This config- 
uration was functional in elevating the crown well above 
the substrate while also allowing some degree of flexibil- 
ity. In some cladid inadunates, the development of more 
elongate, flexible true cirri began in the pentameric dis- 
tistele region of the stem. This allowed considerably greater 
adjustability in attachment position (Brett, 1981). A trend 
towards increased cirri development can be seen in the 
Thalamocrinidae; while Thalamocrinus only possessed ru- 
dimentary, inflexible radicles, some Bactrocrinites spec- 
imens had elongate, branched cirri throughout the dististele, 
and Lasiocrinus had partially whorled, flexible cirri over 
the entire mesistele and dististele regions. 
Thalamocrinus possesses a simple crown structure, with 
nonpinnulate, sparsely branched arms. Consequently, this 
genus exhibits a relatively low food-gathering ratio (see 
Brower, 1973) of approximately 145 cm/cm* in a specimen 
with a l-cm calyx height. Furthermore, the arms are very 
narrow, as compared with those of contemporaneous non- 
pinnulate flexible crinoids. However, the resulting low 
food-gathering ratio and limited respiratory exchange sur- 
faces found in these cladid inadunate crinoids apparently 
restricted them to relatively turbulent environments. 


The best-preserved specimens of Thalamocrinus cylin- 
dricus and T. robustus occur on the undersurfaces of cal- 
cisiltite bands in the Lewiston Member of the Rochester 
Shale at Grimsby, Ontario. These units themselves show 
cross-laminae, cut-and-fill structures, and scour marks in- 
dicative of intermittent, strong, bottom-current agitation. 
However, a variety of other evidence suggests that the 
Rochester sediments at Grimsby were deposited in a rather 
shallow, moderate-energy environment. This occurrence, 


therefore, could represent the most stressful conditions 


under which Thalamocrinus lived. Most likely, Thala- 
mocrinus preferred relatively high-energy environments 
such as the crinoid bank facies of the Irondequoit Lime- 


stone, although relative abundance of this crinoid in such 
deposits is essentially impossible to estimate because of 
strong taphonomic bias. 
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Appendix: Register of Localities 


1. National Topographic Series (NTS) Grimsby 30M/ 
4H. Exposures of Lewiston Member of the Rochester Shale 
in cliffs on west side of gorge of Forty Mile Creek, about 
0.2-0.8 km south of Beamers Falls, Grimsby, Ontario. 

2. NTS Fonthill 30M/3C. Exposure of Lewiston Mem- 
ber (lower 3 m) of the Rochester Shale along ledge at base 
of cliff in artificially cut north face of Niagara Escarpment 
at De Cew Falls Hydroelectric Generating Plant, St Ca- 
tharines, Ontario. 

3. NTS St Catharines 30M/3G. Exposures of Lewiston 
Member (lower 3 m) of the Rochester Shale in the bottom 
of lock no. 3, Welland Canal, Thorold, Ontario. 

4. United States Geological Survey (UsGs) Lewiston 
7.5' Quadrangle. Exposures and talus from Lewiston 
Member of the Rochester Shale (6—9 m above base of 
member), east cliff face of Niagara Gorge, approximately 
0.6 km north of Robert Moses Power Plant, 2.3 km south 
of Lewiston, Niagara County, New York. 

5. usGs Lockport 7.5’ Quadrangle. Now-destroyed ex- 
posures of Lewiston Member of the Rochester Shale along 
the west branch of Eighteen Mile Creek at Lockport Gulf, 
0.8 km north of N.Y. Rt. 31 and 0.3 km west of N.Y. 


Central railroad tracks, Lockport, Niagara County, New 
York. 

6. USGS Ransomville 7.5’ Quadrangle. Weathered sur- 
faces of Irondequoit Limestone around perimeter of Mey- 
ers Lake (abandoned limestone quarry), Bond Lake County 
Park, 0.2 km east of Black Nose Spring Road and 0.3 km 
south of N.Y. Rt. 31, Pekin, Niagara County, New York. 

7. USGS Gasport 7.5’ Quadrangle. Now-destroyed ex- 
posures of lower Lewiston Member of the Rochester Shale 
along east branch of Eighteen Mile Creek, 0.7 km south 
southeast of Gasport, Niagara County, New York. 

8. USGS Perryville 7.5’ Quadrangle. Exposure of Beech 
River Member (lower 9 m) of Brownsport Formation in a 
small glade near Mt Lebanon School, 5.1 km east of De- 
caturville, Decatur County, Tennessee. 

9. USGS Kingston Springs 7.5’ Quadrangle. Exposure 
of Waldron Shale in Newsom Quarry, 0.3 km south of 
U.S. Rt. 70 and 1.4 km north of U.S. Rt. I-40, Newsom 
Station, Davidson County, Tennessee. 

10. UsGs Weingarten 15’ Quadrangle. Exposure of 
Moccasin Springs Formation, 9.7 km west of St Mary’s, 
Ste Genevieve County, Missour1. . 
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PLATE 1, figs. 1-16 

Figs. 1-3,5—9,11. Thalamocrinus robustus sp. nov. 

1. Lateral view centred on D ray of specimen retaining complete primibrachial and partial secundibrachial 
series, X 3. ROM 44345, DeCew Falls, St Catharines, Ontario (locality 2). 

2,3. Lateral views of cup centred on B ray and DE interray, illustrating bulbous nature of the plates, x 
3. ROM 44346, Niagara Gorge, Lewiston, New York (locality 4). 

5,6. Lateral views of cup (holotype) centred on CD interray and A ray, x 3. ROM 44347, DeCew Falls, 
St Catharines, Ontario (locality 2). 

7-9. 7, Lateral view of cup centred on D ray, 3.8, Basal view of cup with CD interray at 12 o’clock, 
x 4. 9, Tegminal view of cup with A ray at 12 o’clock, x 4. ROM 44348, DeCew Falls, St Catharines, 
Ontario (locality 2). 

11. Lateral view of crown emersed in xylene, centred on CD interray, showing anal sac and slender, 
isotomously branching arms, X 3. ROM 21294A, Grimsby, Ontario (locality 1). 


Figs. 4,10,12—16. Thalamocrinus cylindricus (Hall, 1852) comb. nov. 

4. Lateral view of cup centred on A ray, X 3. ROM 44349, Niagara Gorge, Lewiston, New York (local- 
ity 4). 

10,12,13. /0, Lateral view of cup centred on posterior interray, X 3. /2, Basal view of cup with CD 
interray at 12 o’clock, X 6. /3, Tegminal view with CD interray at 12 o’clock, X 6. UMMP 57817, Niagara 
Gorge, Lewiston, New York (locality 4). 

14. Lateral view of specimen retaining column. Note sharp bend at distal end of proxistele, in strongly 
heteromorphic stem composed of bulbous nodals alternating with smaller internodals, x 2. ROM 21294B, 
Grimsby, Ontario (locality 1). 

15. Lateral view of holotype specimen centred on C ray, X 3. AMNH 1706, Lockport, New York (local- 
ity 5). 

16. Close-up of dististele showing homeomorphic, pentameric nature of columnals, < 3. USNM S2138, 
Grimsby, Ontario (locality 1). 
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Plate 2, figs. 1-10. 

1,2. Thalamocrinus cylindricus (Hall, 1852) comb. nov. /, Lateral view of specimen with complete stem; 
note distinct bend in distal portion of proxistele, * 1.5. 2, Close-up of pentameric dististele and terminal 
holdfast with simple, segmented, unbranched radicles, x 2. ROM 42133, Welland Canal, St Catharines, 
Ontario (locality 3). 


Figs. 3-6. Thalamocrinus ovatus Miller and Gurley, 1895. 

3. Lateral view of large cup centred on CD interray, X 9. ROM 44350, Decaturville, Tennessee (local- 
ity 8). 

4. Lateral view of an abnormal specimen with a supernumerary plate directly above the CD basal, x 9. 
ROM 44351, Decaturville, Tennessee (locality 8). 

5. Lateral view of a small specimen with relatively high and narrow basals centred on A ray, X 9. ROM 
44352, Decaturville, Tennessee (locality 8). 

6. Lateral view of a small specimen with exceptionally small radials centred on CD interray, X 9. ROM 
44353, Decaturville, Tennessee (locality 8). 


7. Thalamocrinus strimplei comb. nov. Lateral view of cup centred on AE interray, X 9. ROM 44354, 
Decaturville, Tennessee (locality 8). 

8. Thalamocrinus sp. Lateral view of cup centred on A ray, X 9. ROM 44355, Newsom Station, Tennessee 
(locality 9). 

9,10. Thalamocrinus ovalis (Rowley, 1904). Lateral views of cup centred on CD and AB interrays, x 
9. FMNH 14794B, St Mary’s, Missouri (locality 10). 
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